INTRODUCTION
Intense physical exercise induces muscle-fibre injury, whose severity depends on the duration and characteristics of the exercise and the training stage of the athlete [5] . The type of muscle contractions produced by exercise also influences the severity and extent of injury.
Thus, repeated eccentric muscle contractions (contraction of muscle while it lengthens) can cause persistent diffuse pain. Dynamic exercises that involve an eccentric component are a risk factor for muscle injury [14] .
The clinical assessment of post-exercise muscle injury is a major challenge and its severity and progression are highly variable. It is characterized by remnant pain in muscle masses and sometimes by a feeling of persistent heaviness in lower limbs [8] . Because the clinical diagnosis of this condition is non-specific, its impact in sports has been poorly studied.
In males, physical exercise-induced muscle injuries are characterized by delayed pain, muscle tension, mobility limitation, poorer performance and the presence of muscle enzymes in blood [20] . The biological , Hita F. 1 type of contraction corresponds to a greater length than corresponds to actin-myosin cross-bridges, and lesions may be produced by the greater tension applied to each actin-myosin cross-bridge during physical exercise [20] . Another proposition is based on the heterogeneity of sarcomere length during eccentric type contraction, with some sarcomeres stretched beyond the resistance of the elastic fibre structures, disrupting their sarcolemma. A change in the structure of sarcomeres is also observed and is often at the origin of lesions.
RELEASE OF MUSCLE α-ACTIN INTO SERUM AFTER INTENSIVE EXERCISE
However, some physical activities such as unloading have also been associated with muscle injury [17] . Although these lesions are less severe, they inspired the hypothesis that other factors besides mechanical mechanisms might explain the development of lesions in exercise. There has also been interest in the relationship between apoptosis and exercise-related muscle injury, and a defective apoptotic process has been proposed as a possible explanatory factor [6] .
In short, the mechanisms underlying exercise-induced muscle lesions have yet to be fully elucidated.
It has been previously reported α-actin to be a novel and reliable marker of skeletal muscle damage in sportspeople, with a high sensitivity of 63.3-100% [3, 22, 23] .
With this background, the present study was designed to determine α-actin levels and muscle damage indexes in the serum of high-level handball and rugby players before and after a competitive match.
MATERIALS AND METHODS

Subjects.
The study population comprised 13 members of the University of Granada male handball team with a mean age of 24.5 yrs (handball group) and 10 members of the City of Granada City male rugby team with a mean age of 27.7 yrs (rugby group).
Design. Six dependent variables were measured: serum troponin I (cTnI), myoglobin (MYO), troponin T (cTnT), Actin (ACT), creatine kinase (CK) and lactate dehydrogenase (LDH) levels. Two independent variables were studied: sport (handball or rugby) and measurement time (before or after match).
Experimental procedures. Muscle damage indexes were determined in serum before and after a high-competition handball or rugby match.
All subjects signed their informed consent to participation in the study, which was approved by The Ethical Committee of The University of Granada.
Blood sampling. Before the match (with the player at rest) and again immediately after the match, qualified nurses drew 5-ml venous blood samples from each participant into tubes with separator gel (Venoject II, Terumo Europe, Leuven, Belgium).
Determination of total CK activity. Total CK activity was determined by using the enzymatic kinetic method, in which the CK catalyzes the transfer of a phosphate group from creatine phosphate to adenosine diphosphate (ADP). The subsequent formation of adenosine triphosphate (ATP) is measured by using two associated reactions catalyzed by hexokinase (HK) and glucose-6-phosphate dehydrogenase (G6PDH), which produce nicotinamide adenine dinucleotide (NAD).
This CK assay contains the activator monothioglycerol. Because of the quasi-experimental design of the study, a mixed two-factor MANOVA was used after testing that the appropriate assumptions were met by using Bartlett's test of sphericity andthe Kolmogorov-Smirnov test of normality. Because Levene's test for equality of variances was significant for only two of the dependent variables, the more conservative Pillai Trace (PT) statistic was used. Differences between handball and rugby groups were only found in MYO, cTnT, ACT and LDH (Table 2) . Both groups showed differences between before and after the match in all variables except for TnI and Ck (Table 3) . MYO, cTnT and LDH values were significantly influenced by the interaction between Measurement Time and Sport (Table 4 ). Figure 1 shows the higher level of all markers (except for cTnT)
RESULTS
after the handball and rugby matches, observing that the greatest increase was in α-actin. α-actin levels were highly similar between the groups before the match, with the handball players showing a higher post-match increase versus the rugby players
In Figure 2 , the first gel (A) represents pre-match α-actin levels in sera from the handball group, with a band at 43 kDa. Lane 1 corresponds to the positive control (80 ng/µl of pure actin) and lanes 2-9 to the pre-match α-actin levels of the handball group. The second gel (B) represents post-match α-actin levels in sera from the handball group. Lane 1 corresponds to the positive control (80 ng/µl of pure actin) and lanes 2-9 to the post-match α-actin levels of the same group. 
DISCUSSION
Measurement of the release of muscle enzymes is used to estimate the amount of muscle damage after sports exercise, since this release is assumed to be related to the amount of muscle enzymes and hence to the muscle damage caused by the exercise [2] . Armstrong demonstrated that more muscle enzymes were released by untrained rats than trained rats during exhausting physical exercise [4] . Release of these intracellular proteins has been attributed to permeability changes and muscle membrane rupture [18] . Some authors found no correlation between muscle enzyme release and histologicallyevaluated muscle damage, supporting the proposition that increased enzyme release is permitted by increased membrane permeability [30] . However, this mechanism has not been fully elucidated and the cause of any increased permeability has not been established.
In aerobic activities of long duration, e.g., marathons, an increase in plasma creatine phosphokinase and myoglobin is frequently observed as an expression of muscle damage, leading some authors to propose these increases as markers of overtraining [19] . However, similar increases have been reported after acute training or competition in athletes without overtraining syndrome [11, 26] . The objective of the present study was to determine the release of proteins after intense physical activity (high-level competitive match), considering levels detected during pre-match rest as reference values.
Myoglobin levels were markedly and significantly higher after the match in both sports groups. This increase was higher in the rugby group, possibly because a rugby match involves more physical aggression and stronger action with continual body contact [29] .
On the other hand, these factors also vary according to the position of each player in their team. In fact, the considerable inter-individual variability found means that myoglobin levels cannot serve to support an early diagnosis of fatigue and muscle damage. This protein is also considered to be highly non-specific because its blood concentration can be increased in both skeletal and cardiac damage [21] . It is released very early into the blood, and high levels were found in the players' sera immediately after the match. The data obtained in this study agree with previous reports that myoglobin is detected in the blood much earlier than CK and therefore reaches its peak sooner [21, 20] .
At present, the most widely used biochemical indicator to assess muscle damage is the release of intramuscular CK enzyme into 
FIG. 1. MEAN VALUES OF VARIABLES ACROSS THE TWO STUDY GROUPS (HANDBALL AND RUGBY PLAYERS) BEFORE AND AFTER
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the blood. The length of the delay between the end of acute exercise and the increase in blood CK activity is controversial. Some authors described a peak immediately after exercise [30, 1] but others reported longer intervals, with one group even observing two peaks of CK activity at 0 hrs and at 24-36 hrs after a downhill race [4] . Van der Meulen et al. highlighted the considerable difference between CK activity levels in rats after 1.5 hrs and 2.5 hrs of exercise [30] .
Muscle proteins (e.g., CK and myoglobin) are known to be released from damaged muscle into the blood after high-intensity physical exercise [7] . The present study confirms that high-intensity sports activity increases CK levels, which reached 409.6 IU/L after the handball and 391.1 IU/L after the rugby match. Account should be taken of the high CK levels in these players before the match: Various authors have shown that the release of these enzymes induces muscle inflammation and skeletal muscle collapse, allowing them to be used as markers of exercise-induced skeletal muscle damage and muscle fatigue [19] . The increase in these enzymes during intense exercise is higher in untrained than in trained individuals [9] . This was reflected in the present study by the lower increase in LDH and myoglobin levels in the handball players, who train more regularly than the rugby players (data not shown), conferring their muscles with a higher degree of protection against muscle damage [9, 28] .
According to Nosaka et al., the greatest drawback to using blood muscle protein levels as a muscle damage marker is the wide interindividual variability in their release, with CK levels ranging from 236 to 25.244 IU/L [25] . Individuals with higher CK activity in blood generally had larger muscle damage according to magnetic resonance imaging (MRI) findings but the authors reported that this was not a perfect relationship.
A recent study demonstrated an association between serum CK and glutathione activities, and the authors suggested that glutathione might act as a CK protector in the blood [15] . This and other factors may eventually explain the wide variability in the response of CK to exercise. At any rate, CK activity in the blood only provides an indirect qualitative marker of muscle damage and may be influenced by various non-muscular factors, including genetic factors [7] .
A 95% increase in plasma LDH activity was observed in the rugby players after the match, similar to the 85% increase reported by Komulainen et al. [18] . In contrast, the handball players showed higher baseline levels but only a small post-match increase [24] .
Plasma troponin levels were very low, and no significant differences in cTnI were observed between before and after the match. Minimal amounts of cTnT were detected, and no significant difference was observed between these time points. Serum cTnT levels are very low or undetectable in the absence of disease, and maximum cTnT levels for healthy subjects are around 0.06 ng/mL, compared with maximum values of 0.03 ng/mL in the present study population [24] .
A significant increase (p<0.001) in α-actin levels was observed after the match in both the handball group (from 7.16 to 26.47 µg/mL) and rugby group (from 1.24 to 20.04 µg/mlL).
These findings contradicts the report by Féasson et al., using
immunoblotting, that α-actin levels were not modified either immediately after, at one day after, or at 14 days after eccentric exercise [10] . This discrepancy with the results obtained in this study may be explained by differences in technique or the type of antibody.
Thus, Féasson et al used an antibody from a different clone (AC-40, from Sigma) at a different dilution (1/3000). We confirmed the reliability of the present study by comparing the results of multiple assays [10] .
CONCLUSIONS
The results of this study confirm that large amounts of α-actin are released into the peripheral blood immediately after an intense physical effort. The measurement of α-actin appears to offer a sensitive instrument to detect muscle lesions in sportspeople at risk of injury.
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